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Method of etching an oxide layer with simultaneous deposition of a polymer layer 


(57) A method of etching an oxide layer is disclosed. 
First, a resist layer is formed on an oxide layer on a sub- 
strata Next a photosensitive layer is formed on the oxide 
layer and patterned to expose regions of the oxide layer 
to be removed. The exposed regions may overlie a nitride 
layer, and may overfie a structure such as a poJysificon 
gate. The etch is performed such tfiat poiyrner deposits 
on the photosensitive layer, thus efirra'nating interactions 
between the photosensitive layer arid the plasma. In this 
way, a simple etchprocess allows for good control of the 
etch, resulting in reduced aspect ratio dependent etch 
effects, high cxkternHride selectivity, and good wail angle 
profile control. 
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Description 

This application is a coiitirtuatiorHi^part of United 
States patent application Serial No, 08/234,478, filed 
April 28, 1994, which appOcation is assigned to me 
assignee of the present application. 

BACKGROUND OF THF INVENTION 

1. Rekjofthe fnuftntinn 

The present invention relates to the field of semicon- 
ductor device fabrication and more particularly to 
iinprbved methods for etching openings in oxide layers. 

2- Background infrrm^n 

In the fabrication of serriicorKtoctor devices, numer- 
ous conductive device re^n^ and layers are formed in 
or on a semicc*iductor substrata The eo^^ 
and layers of the device are Boated from one another 
by a cfieJectric, for example, silicon dioxide: The sflicon 
dioxide may be grown, or may. be deposited by physical 
deposrtion (ag., sputtering) or by a variety of chemical 
deposition nro4hoofear)dch'errBstries. Additionally, the ^sil- 
icon dioxide may be undoped or may be doped, for exam- 
ple, with boron, phosphorus, or both, to form for example; 
borophc^piiosificate glass^B^SG). arid fihbspiioaTicate 
glass (PSG); The m#xxl 6ff forming the ^cdnctodde 
layer and the doping of WsiScon dio&tide wiD depend 
upon various device arid pressing consideratforts. 
Hereirf. all su^ sHotc^^ 
eraBy as *bxkfe" layers^' * v - ■ - ■ - f" 

At iseverar^stagesi during 1afer^c#v it is necessary 
to maRfe opening^ h the rfeiectric to aHow fof contact to 
uridehying re^orfe or' layers. Generally, an openftg 
through ; a dielectric- exposing a diffusion region or an 
opting through a cSetectric la^er between pdysflicon 
antf the-first yti^fyer is called a 'contact cperarig", 
while ari'opeiiing in other oxide layers such as an open- 
ing thrcajgh an int^mletal cfiele^ Is referred 
to asa *Via # . As used her&n, ah "opening will beurider- 
stood to refer to any type of opertfnjj trtrough any tyjseof 
oxjdelayer, regardless of the stage of pttxessing; layer 
expc«edr6T?uriction of the opening: 

^ToforifrmS openings, a patte^rig la^bl phbt^ 
sist is formed over the oirfde layer hawxj ope«rigs't2lr- 
rfepotftfing fcHhe re^foris oi the oxide where the oxide 
layer openings arefo fcfe formed.' fri most rrxxierri pitfe- 
esfees a dry etcrFis pefferrhSd wherein the waterts -so 
exposed to a plasma; formed in a ftow of one or. mBre 
gases, Typicaily; one or more hatocarbons and/or one or 
more other haldgeriateSd con^bbunds are used as trie 
etchant ga& For example; CF* CHF 3 (Frebn 23), SFg. 
NF 3l and other gases may be used as the "etchant gaa : ss 
Additionally, gases such as Ar, hfe, and crthers may 
beaddedtothegasffeiw. Theparticular gas mature u^ 
wiB depend on, for example/ the characteristics of me 
oxidebeing etched, the ista^e of processing, the etch tod 


bang used, and the desired etch characteristics such as, 
etch rate, wail slope, antsotropy, etc. 

Various etch parameters such as the gas mixture, 
terrperafure, _RF power, pressure, and gas ftow rate, 
arrx)rig others, may be varied to achieve the desired etch 
charactensfcs descrtoed aboya However, there are 
invariably tradeoffs between the various desired charac- 
teristics. For example, most high performance etches 
exhfoit aspect ratio dependent etch effects (ARDE 
effects). That is, the rate of oxide removal is dependent 
upon the aspect ratio of the opening, which can be 
denned as the ratio of the depth of the opening to the 
diameter. In general, the aade etch rate, in terns of lin- 
ear depth etched per unit time, is much greater for low 
is aspect ratio openings than for high aspect ratio open- 
ings. Referring to Figure 1. substrate 100 represents a 
serriiccfiductDr substrate and any device layers or struc- 
tores underlying [ the oxide layer 101 through which the 
' etch is to be performed. For example, there may be a 
20 sificon nitride layer (SLjN^ uridertymg oxide layer 101. 
Herein.* the term silicon nitride layer or nitride-layer is 
used generally to' 'refer to a layer of Sysly wherein the 
ratio xy may or may not be stoichiometric, as well as to 
various slfcbn oxynrftde f9n* (Si^Oylsy. 
25 ... ^S^^'paflOT^.teyw 

tpresipt layer, coirprises opearangs 111 and 112. As can 
be seen, 'We tiameter qf opeftirig 112 is much smaller 
'jfwtottof -qpisidrig'li-i;;Sanbe thfatantee af : ciKide 
layerldl * same urxierb^ the oxide 

so cpktirx^uric^ 

Sf^er aspect rafe v <iie tb^tesrraicWietff. Asaresuft 
the prior aft eto iwdceK 
cai^o^ng 121 tiffrbugh ihe ccdde lay^ibl to be 

in'-the^i^w^ihfe 
35 aspect rafa'p d^p^e^m^hB cyercome b| agisting ; 

^^ an ? i tte P^'ng ^pie^d tb aifow'for hi^fiow/lbw 
Hbweyer, h a^oSioh to m& cost arid time irtvchted in the 

^P^ ^y^end&iCf ty&caity result ^ k tradeoff 
" f^^ ^Dg'etefear^ 
mi ^?\sdfctifai and^ i^e-'cpn%i/fgr- exanple. 
fteceritiy,x^^ 

beenprqios^licor^^ 

^ ^ y^jproveri in 1 produc- 

^-T 1 ^ ^ It 
^flj^'^^n^/ll^ more advaric^J fechndfogies 
d ^ na ^ higJi etdh peribVrnance W high aspect ratio fea- 
tures, arid dernand high etch penforrnaiice in layers hay- 
ffxj feaWes ^with a wid^ range of aspect rates. Thus, the 
ARDE effk* constitutes a significant hurdle in advanced 
applicatfons. 

Warty' of the etch characteristics are generally 
b&ieved to be aftected by polymer resiciuesi which 
d^xx^^Si^ing tii'e etcn. For ttfe reason, the fluorine to 
carboiTraltferr^^^ 

tarit determiriant in the etch. In general, a plasma with a 
high F/C ratio will have a faster etch rate than a plasma 
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with a low F/C ratio. At very low ratios, (i.e., high carbon 
content) polymer deposition occurs and etching ceases. 
The etch rate as a function of the F/C ratio is typically 
different for different materials. This cfifference is used to 
create a selective etch, by attempting to use a gas mix- 5 
ture which puts the F/C ratio in the plasma at a value that 
leads to etching at a reasonable rate tor one material, 
and that leads to no etching or polymer deposition for 
another. For a more thorough discussion erf oxide etch- 
ing, see S. Woff and R.N. Tauber, Silicon Processing for w 
the VLSI Era. Volume 1. pp 539-585 (1986). 

By adjusting the feed gases, the taper of the sidewafl 
of the oxide opening can be varied If a low waU I angle is 
desired, the chemistry is adjusted to try to cause some 
polymer buildup on the sidewall. Conversely,, if a steep is 
wall angle is desired, the chemistry is adjusted to fry. to 
prevent buildup on the skJewaJL An important problem 
with changing the etch chemistry is tfcaj there $ a trade- 
off between wall angle and selectivity: That is, etches 
which provide a near 90° wall angle are" typically not 20 
highly selective between oxide arjiari'uhrj^ 
or sifioori nitride layer, for example; while highly selective 
etches typically have a lowwafl angle ^. * ' 

Figure 2 shows an oxide layer 201 formed ori ^sub- 
strate 200, having r^tterrting layer 21 0 wHh opening 21 1 55 
therein. Opening 221 in the oxide layer 201 issrioyyn ^r- 
ing formation^ the etch jlustratai, in figure ||Vhigh 
selectivity rnaybe desired to protecj art ^undenVingjegipn 
of^ for exarn^e, s3icon nitride orrthe upper surface of 
substrate^^ft 30 
straight prof ia However, if seie^yiry is to be remained, 
the faulting opening 221 wiif haye a taj>pr aishq*yp by 
arigie 206.' ,/Qften, in a, prio^a)! eteh with" aCc^piabie 
^<^^ .ihe angle 2^ is les^ than 8$\ This tradeoff 
is ;paitoli^y severe in etches tWough th^ 
For exarrfcle, ,if Jhe process is e^n^er^d tp alqwjqrla 
steep^l^protfile through a thid* BP9G layer, ihe^ec- 

tOiirr^oy^^e wal a^e^.sucrt t ^byl d^g^ s <^ 

40 

front^eS s^ec^^^de^to 
such : chal^esTwjp affect olherjpertc^ 
exaihple; gs mentioned above, arj justrnerrt.to the proc- 
ess parameters wiir.haye sorro/eftect on the Af*DE 
ehWt . Fjujjhen^e; even j^^ysbmejn^. to. Wretch 
pajrame^ersare ftxind which enhance selectivity without 
a severe t [rnj^ct on" wall. angle; such ac§ustments 
involve "ogiier tradeoffs. Ftf; example, there is typicalry a 

^^^k^^i, !?PSL rp£ : - so -inat 
ir^eas^^etSi^riia^ only,be ^ aVtte expense^ of 
thrpu^xit ^C3£ c be ^pp.^aigh soW a^ju^ente 
c$n.b$ ma^Je, it is7exb^ely ^ffiqutt to desi^aQ^Je 
etch which meets ail necessary goals. AoYfitkjnaJI^ itvwD 
be appreciated . jtt^^mile the general effects pt'^ertein 
process corrections are known, and the existence of, per- 
tain tradeoffs can, (^predicted, & is far from a straight- 
forward matter to precisely tailor an etch br-precisely 
predict the effects changes in the parameters will have 


Furthermore, it is often difficult to prevent other unde- 
sired consequences of polymer buildup. 

Figure 3 illustrates the effect of polymer bufldup dur- 
ing a typical prior art etch process. Polymer buikJup along 
the regions 307 along the sidewaDs of opening 321 
cause the wall profile to be rffferent than a straight etch 
profile, shown dashed. Additionally, polymer buildup in 
the region 308 at the center of the bottom of the opening 
prevents etching of a portion of the nitride layer 302. " 
However, etching does occur around the outer edges. 
Thus, the result of the prior art process is poorty control- 
led wall profile, and nor^rformfty.of the nitride layer 302 
in the bottom of the opening 321. Agan. dialog the 
gas chemistry and other etch pai^eters may be used 
te* improve the etch, but some tradeoffs are inevitable. 
Additionally for example, a t te mpt s to improve the 
oeddernitride selectivity often lead to non-stable plasma 
<x>ricfitions,.and involve high polymer chemistries, which 
in.|urn leads to dirty reactors requiring extensive main- 
tenance, and particle generation which reduces yields. 
^ , The above described dHficfcrties Jn oxide, etching 
make it extremely diff icutt to form cpernngsxver. corners 
of structures. Referring to. Figure 4, opening 411 in pat- 
terning layer 410 is aligned to partially overfie structure 
404, which may .be, fbr. exarriple^ gate, an interconnect 
line, orother structure. As sjiown, structure 404 is cov- 
ered by silicon nitride eteh stop layer 403. Typically, the 
opening 421 fedesigji^topartiairyo^ 
to a certain extent ^ . 
ing 421 will extend to the corner.crfmes^ 
to toe correlation of ihee^ 

at 432. As shown, due to Jhe diff ^ ach'eving a 
highly selective etch, the nftrideJayer 403 is removed 
from structure 404 (ttthej^J^ which. 
3S are exposed to toe e^ 

etch reaches the bottom 432. This problem is particularly 
severe.if the opening 411 is .n^safigned suqh that the 
opening in the oxide layer is formed as shown by dashed 
lines 421a. The opening 421 a exposes a smaller area of 
nitride layer 403 thanjhe opening 421. This leads toa 
reduction in the micro-toad ing - effect, which in turn 
causes the now .reduced area,of nitride layer 403 to be 
e$tf?ed ata much faster, rate. . 
. , Vlmalis nee^ of etching 

45 oxide with reduced ARDE effect, which exhibit a high 
oxide .to nitride selectivity, and wh^ provide control of 
wafl profila Further, it isprefer^e4hai any suchineth- 
, ods do not suffer from severe tradeoffe between and 
anx»Kj these and omer. performance goals such as etch 
^ra^spth^highly.^ 

, t?p8r t aijd/pr reiducecl ARDE ej^e^^y be ^eved. 
The method methods s^fd,gnat^e the formatipnpf 
openings-whidi Be.onj»,pyer. p^^stij^res, such as 
in?a jsejf^aligned contadhetch. 5naJly r ,tfie methcd.or 
55 methods should t allow t jor leased opening depth, 
especially \t\ process steps. requiring the tarnation of. 
1 deep openings of different depths, without an unaccept- 
able sacrifice in perfOTnarioek Jhe method l o^ methods 
should provide the above desotoed etch characteristics 
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without inquiring extensive redesign of the process op 
process toots, unacceptable performance or process 
maintenance tradeoffs, costly and unproven equipment 
or hip>i particle generation. 

5 

SUMMARY OF THE INVENTION 

A method of etching openings such as contact open- 
ings or via openings in an oxide layer is disclosed. The 
method of the present invention may be used for a wide w 
variety of etches, incfucfing etches with openings having 
different aspect ratios, over fiat, structures, oyer steep 
topography, and in etches having an of these, fn the 
present invention, the ARDE effect is reduced or efirrri- 
nated, improved cxiderrtitride selectivity is achieved, and 15 
tradeoffs between selectivity arid other performance 
goals are greatly reduced or eliminated. In one errtxxfi- 
ment a hard mask layer ofc for example, pbrysincon ts 
used as a mask for the oxide etch. A r^emed jihbtbn^ 
sistteyer, exposing regionso^^ "20 
ing to the openings to be formed in Ihe oxide layer is 
formed on the hard mask. An etch of the hard mask in 
the exposed regions is then performed I! has been found 
that the interaction of the photoresist mask, ^more 
particularly it is believed the' carbon from the photoresist 2s 
mask; with the plasma etch chemistry has a doniinaht 
effect oh the aspect ratio dependency of the etch. There- 
fore; in one en*odiment the . photoresist mask is 
removed prior to the completion of the oxide etch. The 
elimination of tte photDtt&isi/etch cherm^ interaction 30 
has been found to greatly reduce or efirrinate : aspect 
ratio dependent etch effects AckfitiormJry, the hard mask 
is found to interact with the etch chemistry to improve the 
coo^einitnde selectivity. In a*^^ 
present iriverttkx^trted^ 35 
vated temperature, avowing for increased selectivity 
without a tradeoff with wall angle. In a further entxxfi- 
ment'Frepn134a is used as an;a±i.r^tr^the;etcf^ 
gas ^p*^;^ a 
further eiTte^ment tie hard mask, Freon 134a, and 
elevated temperature are used to perform etches provid- 
ing a selective pxidecnrtride.etch^q/er both flat surfaces 
and comer topog/aphy- fri adi^ 
etches rray fee;c^ed^ut jr^two^ste?** In the.caseof a 
trtcfc oxideilay^r; this* ^^iP^M^^J^^^ 
selectivity^ 

one two step etch proceiSv a clean step is perfbrmetfto 
remove any built up polymers before proceedantgAitfith the 
second etehsCep. . ^ r< ^ 
•O'* In a further embodiment of the presentinvehtiori. in 
etch is performed using a photoresist masfc This etWis 
• carried out such that* a potyrrkjr deposits ori- the reset 
surface, and additionally; the Side waJ&cf the openings 
as they are being formed. In this way,, the photoresist 
mask does'not interact with the plasma, thus providing 
for greatly reduced or eliminated aspect ratio dependent 
etch effects. Further/ the etch <*iemistry. restite' in 
improved oxide Jtitride selectivity. This etch may be used 


over both flat or cornered topographies without the need 
for a separate hard mask deposition and etch step. 

Additional features and benefits of the present 
invention will become apparent from the deiafled 
description, figures, and claims set forth below, 

BRIEF DESCRIPTION OF THE DRAWINGS 

■ e 

The present invention is illustrated by way of exam- 
ple and not limitation in the figures of the accompanying 
drawings in which Eke references indicate sim3ar ele- 
ments and in which: 

Figure 1 illustrates aspect ratio dependent etching 
of a prior art oxide etch process. 

Rgure 2 illustrates wail prof fle in a prior art oxide etch 
process. 

Rgure 3 illustrates poor oxidernitrtde selectivity in a 
prior art etch process. 

Figure 4 illustrates a prior art etch process over a 
structure 

'■' Figure 5 is a cross-sectional election view of a struc- 
ture having a hard mask of one embodiment of the 
present invention. 

Figure 6 illustrates the structure of Rgure 5 after the 
etch of the hajd mask. 

■ Rgure 7 Blusfrates the oxide etch performed on the 
structure of Rgure '6 in an ernbodirneht of the 

v Vesent^ v 

- Figure £srtowsabiGtfcc^ used in 

40 -^Figure d fltustrafes* the result of an oxide etch in 
' * a^ortlance with an errtbodtoerti of the present 
* ' invention. ;' . ! - ■ ' ■ ' - : 

-Figure 1QA;iBtistr&es the mo^ 
V45 " etchartusedirtane^^ 

' -^tior^"' vS: •>.:*:-?.■;;• 

- ^ Rgure 10B illustrates i proposed reaction of trie 
" : rribiecule of R(jtSro*1ffiK' r ! ■ 1 ^ ' ■ t 

50 -/? / - * : -;*■■■.< ' ~ i S ." V- ' - - . 

h ' Rgure 1 1 ^dws the refeuft of an oxide eteh using a 
% chemistry comprising the etchaht shown iri'Rgure 
10. 

u . '-. - 

55 .Rgure 12 illustrates a cross-sectional elevation view 

■ -* of a stnacture on which an oxide etch according to 

■ ^ * art errtxdiment of the present invention is to be per- 
formed. * 
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. Rgure 13 illustrates the structure erf Figure 12 after 
etching of the hard mask of an embodiment of the 
present invention. 

Figure 14 illustrates the structure of Figure 13 after 
an oxide etch according to an embodiment of the 
present invention. 

Figure 15 illustrates a cross-sectional elevation view 
of a structure to be etched in an errxxxSmentof the 
present invention. 

Figure 16 shows the structure of Figure 15 after a 
first etch step and a clean step. 

Figure 17 fllustrates the structure of Figure 16 after 
a second etch step. 

Rgure 1 8 illustrates a cross^ectionaJ elevation view 
of a structure to be etched in.a further embedment 
of the present invention. 

Rgure 1 9 fl iustrates the structure of Figure 1 8 during 
the etch. 


. Rgure 20 Utustrates ttie st^cture of Rgures 18 and 
19atthecornpleticric^tneetch . 

DETAILED DFSHRfPTinKj " 1 

A method of etching aji oxide.iayer.is disclosed. In 
the following description* numerous specie details are 
set forth, such I sjpe^^ v m^ thicknesses, 
P'^ssBic^stei^. process Daggers, etc. in onder to 
provide a thon^h,ureJersteno^g f ^ the present inven- 
tion, ft w8l be obvious, however, to one skilled in the art 
tM^es^specjfic det|uis need jjpt be employee* toprac- 
tice the present invenf^^ we!) known 

materials or methods have not been described in detafl 
! n °# er t9; t f^^ the present 

inventoj pt^ermp^jn ttie foJfc^irig _c3scussfoa sev- 
eral embodiments of tfie present inventton ai;e iDustrated 
with respect to specific structures, oxide layers, and 
°xkie !$£erp^^ that each of 

the.rnetf^<J^scr^ hereu?^ be ujgzed pn^a : yariety 
pfstrijctitfesarxJoxkte 

ing, and each of theqxide etching methods ctesenbed 
herejn is r^neces^Ty re^trictedtothestructur 
oxide layer in a^unefcn wjjh wjifch it ts described. Fur- 
ther/any of the metTKxfe described herein may be per- 
a "^fetep etch corr^jpsing additional 
etch processes. Several exemplary murtistep processes 
are descrfoed below. *'\" 

Rgures 5 - 7 illustrate a structure during fabrication 
according tp a .preferred embodiment, of thepreserrt 
irivention. Rgure ftshows a block p^graxn of the process 
srtown in conjunct^, with Bgures£ - 7. Rest-as shown 
by block 801 of Figure 8, substrateSGO having oxide layer 
501 thereon is formed, as illustrated in Figure 5. Sub- 


strate 500 -may comprise a semiconductor substrate 
including device regions, layers, and structures, and may 
have varying topography underlying oxide layer 501. 
Oxide layer 501 may be any type of oxide, doped or 
5 unctoped.andmayfcteao/c^c^ 

deposited by any method such as CVD. sputter deposi- 
tion, etc- it will be appreciated that oxide layer 501 may 
be a multi-layer structure consisting of several different ^ 
types of oxide layers. For example, in one errxxxtfment, * 
w oxide layer 501 comprises a 10.000 A BPSG layer, which 
itself may comprise several sublayers of c^em dopant 
concentrations, plus 3000 A of undoped oxide on top of 
the BPSG layer. In one embodiment the oxide layer 501 
is disposed on a 900 A CVD nitride layer comprising the 
is uppermost surface of substrate 500. Then; in step 805 
of Figure 8, a hard mask is formed on. the oxide layer. As 
shown in Rgure 5," hard * mask layer 505 is deposited 
upon oxide layer §01. In a preferred en*oo5rnent hard 
mask layer 505 comprises polysiicon deposited by. for 
20 example, CVD to a thickness in the range of approxi- 
nna*ely500-5Q00A. rtwiljbeapprecurted^^ 
layer 505 can be deposited by any wefl known method, 
and tr^ olfw thicknes^ r^ 
wiO be appreciated ^ c^^ types.of layers or oornbk 

sitebn t ftee^ahii^ titoium7sffiddel tungsten, or 
c^^refracjfo^ be seen, 

.hard mask layer 505 is preferably a nornarbon or very 
low car^n : contribtrtoig ^ , 

so . Instep310 (i >^<yn^ 

example, photoresist is deposrted on hard mask layer- 
505 and patterned to.ferm openings 51 1 and 512 using 
well l5nown : ^ in Figure 5, It win be 

appreqsJed, that many acfcfitkmal openings across the 
35 surfaceof thewafer may be,fomted:S^ltaneous^.wHh 
ttK^stown irvthe Rgures Next in step315,the ford 
mask is etched using, an etchant appropriate,. for the 
material of whjch hard rr^ 505 is corrposed, and pat- 
terning layer: 510 is removed step 820. The resulting 
40 structure after steps 815 and 820 is.shown in Rgure 6 
wherein openings 5J5 and 516 have been formed in hard 
mask layer 505. Note that the c5anieter of opening 515 
is^signfficantiy greater than thatof opening 516. so that 
opening 5\1 6 : has : a -much, higher aspect ratio. > As 
>.4S rdescrtoed earlier, this typically leads to a much slower 
;px^e. ett fate in-tha region of opening 5ia However, 
rwjjt^ use ; of the hard mask. 505 this is avoided in the 
: present invention.. The structuraof Figure 6 is next sub- 
jected to an oxide etch in step 805 to form openings in 
.so ;*e- oxide/ layer exxTespor^^ 

,515 arri'516;:Refeniftg:to Figure;/, openings 521 and 
.,522 in thaoxide Isyer 501 djring.the etch, at a time. just 
.-prior to completion of* the etch, are shown;. As can be 
seen, the. openings 521 and 522 extend approximately 
55 tte same distance through the oxide layer 501 Thus, by 
use of the hard mask, the ARDE effect ©greatly reduced 
orefirninated; As mentioned above, substrate 500 may 
have .varying topography, so that the openings through 
oxide layer 501 extend to varying depths. Therefore, in 
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such a case, even if all openings have the same (Same- 
ter, there will be varying aspect ratios across the wafer 
Ate to the different depths. Additionally there may be 
both varying depths and varying diameters of openings. 
In all of these cases, the hard mask of the present inven- 5 
tion has been found to reduce or eliminate the aspect 
ratio dependency of the etch. 

Although the use of hard mask 505 is advantageous 
in any etch process, one embodiment of the present 
invention is carried out in the LAM 384T Dry Etcti System w 
which is an RIE/Triode system For 6" (150 mm) wafers, 
the etch is carried out in a flow comprising 2.5 standard 
cubic centimeters per minute (SCCM) Freon 134a and 
10 SCCM CHF 3 (Freon 23). The etch is earned out at 
6TJOwatfe(V¥7w^ T5 
(V). The eteh is performed at a pressure W the raj^e of 
appradniately 10 - 40 mTorr. The lower electrode water 
coc4artterrperatureissetat 17° C. and the upper cham- 
ber temperature is set at 50° C. ft wifl be appreciated that 
although the above described etch was performed in a '20 
single step after removal of the photoresist layer 510; the 
etcti may be' carried out in twbsfc^ wmafirstrjortfon 
of the codde layer etched with resist layer 510 intact fol- 
lowed by resist strip, and thert a high p^mairce final 
etch step with just the hard mask remaining to define the 25 
openings. For exarnple, nf orre errbddnrnent a high etch 
rate, rton-seiecfoe^eto step designed ^ etch the 
undoped oxide layer and some of the doped (aver, such 
that there remains appracdmamy 2C00 A of oxide in the 
thirmestarea^thewafer/islirstp '30 
a second etch step arfclar to fttai described above. As 
wiD be deserved in a further errixxfirnent 6f the present 
invention, a cleaivstep rrtay be performed between 
etch steps-- - c^:.* 

':^TfeuseWn^^ '35 
bonsftciar ih any existing oxide etch process: The inven- 
tion is befieved to provide for rrnrrimjzed ARDE effect by 
eliirtinirting the prtotoresist corrfribuBonto thS IcWclir- 
vbenoame^^^ 

reside «ormed^«^ «4o 
effect on etch craracte^ 

prcnle^Hc^ever, it is heretofore hbtbeeh recognized that 
* trie photoresi^ layier r^ 

characteristics such as ffie ARDE effect Because this 
dorrenant effect from the photoresist is renwed; censa- 
eratee'process fetf^ Is' achieved, sihee the^selectSwi 
of the eteh gas chemistry is no longer constrained by the 
rec^iiremefrt that it be adjusted to rrtrrirnize the ARDE 
reflect, and caninstead be ^justed to achieve bfherper- 
forrnance goals such asetch i^eFselectivrry^profile con- ' so 
trci, etc. As described above, the benefits of me Resent 
invention are believed to be achfevecf by eiWriafcig the 
interaction of the photoresist, and most likely the carbon 
from the photoresist with the piasifa chertistiy ^ere- 
fbretinaltenTafiveer^^ 55 
a photosensitive layer which has been treated to became 
relatively inert to the plasma chemistry may be used as 
the sole masking layer. For example, a sflyiated photore- 
sist layer, formed by, for example, a process known as 


the 'DESIRE 4 ' process may be used. In this process, the 
exposed resist layer is treated with HMDS or a similar 
compound to impregnate portions of the layer with sili- 
con. See, for example. Pavelchek et al, "Process Tech- 
niques For Improving Performance of Positive Tone 
Sanation" SPIE vol. 1925. pp 264 - 269. January 1993; 
and. CIA. Spence, S.A. MacDonaJd, and H. Schlosser, 
'Silytation Of Poly (t-BOC) Styrene Resists: Perform- 
ance And Mechanisms,' LLC. Berkeley and IBM 
Almaden Research Centra See also, references cited in 
these papers. A photosensitive layer treated in this or a 
similar rnanner, wrtfoh does not stgnfficantry react with 
the etch chemistry, and therefore does not overwhelm 
the carbon content of the plasma, may be used in place 
of the hard mask layer described herein. In this case, 
there is no need for both a patterning layer and a hard 
mask layer as descrbed above By inclusion of hard 
mask 505. or by making the photosensitive layer sub- 
stantially inert to the plasma chemistry; an existing orate 
etch process need riot be reerigineered, performed on 
Tiew equpment, etc.. and many of the tradeoffs associ- 
ated therewith can be avoided or nrrirsnized. In the 
present invention, the etch can be tailored without the 
problem of carbon from the fjhctoesist-ovefwhelming 
the etch characteristics. As will be seen, embodiments 
of the preserit invention further include methods of min- 
imizing the selectrvrtyAwaJI angle tradeoff, improved 
cxSderriitride selectivity, improved selectivity in etches 
requiring openings to extend over corners, and methods 
of etching deep openings in the oxide layer, the methods 
■of the present invention may be used to achieve the var- 
ious performance goals as described generally herein, 
aMinaybe used to irnprove process latitude. 

As b WeS k^o^m ^ie ririor art methocfe of etching 
an pxktelayer, cor^erable heat is generated ^bfcM- 
^cre of theioiW and/or electr^ih'ther^asrna'w^ the 
siiDstrata fts ; is knowhrthe amburrt of enerpy generated 
In this way will r^'depenrJent upon the vaiou^ process 
P&TOTeterssuchasthe etd To prevent 

extreme ternperature irises, the w^rten^erature is con- 
trolled by a 1 fciw af cotfant such as water through the 
lower el^odef and/or by a flow of, foT'exar^e; helium 
gas to the bacfeide bf the wafer, tn typical processes, 
the i codmg is camed'out such that the wafer reaches a 
'45 maornum^ 

- 80* C. fri 'any ev^W fimft is con- 

strained by the' use of a pfttoesist j^errf layer, 
since me^ 

resist terrperature from exceedfiigthe resist reticuJatibn 
temperature; 5 at which point the resist fayeV deftrms, 
tearing to loss of drriensional control; arid potential 
openings in areas- which are designed to remain 
unelched Typical resists have a reticulation terrperature 
of aprjroxirnateJy 110° C. However note that in the 
"present Invention, as shown in Figure 6. the resist layer 
may be remcved prior to performing the oxide etch. 
Therefore; in a further embodiment of the present inven- 
r Son the temperature is adjusted (by appropriate adjust- 
ment of the backside coolant flow) above the resist 
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reticulation temperature if desired. For example, in one 
embodiment performed in the above described etch sys- 
tem, the backside helium pressure is reduced to approx- 
imately 2 Torr, which typically results in a helium flow of 
approximately 1 - 5 SCCM, as compared with apprcori- 5 
matefy 8 Torn which typically results In the helium flow 
of approximately 5-15 SCCM, for a similar process using 
a resist mask. By adjusting the hefium pressure as 
described above, the wafer terrperature can be expected 
to reach temperatures of approximately 1 00* - 200° C or w 
higher. En a preferred, embocfirnent the wafer tempera- 
ture is maintained at apprarimately 110 - 130° a Note 
that this temperature range is above the reset reticula- 
tion temperature described above 

Figure 9 shows an example, of opening 921 formed 15 
in oxide layer 901 . which may be any type of oxide layer, 
using hard mask 905, which is generally similar to hard 
mask 505. The substrate 900 is generally simflar to sub- 
strate 500, and may comprise many, layers, structures, 
and may have topography underlying the openings to be 20 
formed. As before, a plurality of openings may be formed 
having different diameters and/or (Efferent aspect ratios. 
The etch is performed with the above described helium 
flow and pressure. In one embodiment the etch is per- 
formed in a flow comprising approximately 15 SCCM 25 
Freon 134a and apprcoqrnately 47 SCCM CHF 3 ; The 
etehis carried out at a power of 600 W,a pressure of 30 
mTorr. and a DC bias of approximately 1 400V. The tower 
ejectrode water codarttyten^peratwre is. set at approxi- 
mately 17° C and the upper chamber, temperature Is 50° 20 
C. The. angle 906 using the increased temperature is 
greater than 85°. Thjs.is Jn contrast to the angle 20j5.of 
Figure 2. tt^is believed that the etevate<i temperature 
irnj^es fee w«il angle fey pjreteren^jy. inj^bitmg poly- 
mer formation on the ,oxide^ sidewail .as compare^ with.; 35 
the t»ttDrn of fhe operdng. j^ i scme cases, fttis provide^ 
a steep ; wail angrte ancl ,ari J in^ea^in^e^^ 
beenjpwd-ftjat profile cc*|troj [ is^rr^rrtained ey^n 
tfec^^layers Qf ^toW^tyges of axjde, such as ctap^j 
arid [ uri^cped,. as well as various jdpparig leyelsg In. ger>- 40 
eral^isj^fiev^tr^ 

ai; types oTc^e^ omer,layer£, 
particularly rrtride, so J^Jiigft etch^e^vity it ctf oxide 
to sil^n, sifcc^nrtride. |tanium jiScjrje*, eta may.fc>e 
a ^ ie V e ?- Y^e (rf^^jgb^tempera^ to 45 

inproye,,wa» pr^f^w^out sejep^J^bkieq^ is appli- 
cable to ^y ; ^pce^uanQ aijy jChe^mistry. Because^the 
selectivity is improve^ or remains tfie same, at the higher 
terrperature a, greater prpc^ ( 4atiWe- resu|t%. ; -J^6r 
example, selective etches r of relatively thick layers 'jot so 
BPSG, with good proRe ccffitrol may be achieved. ^Fur- 
thermore, the temperature increase generally increases 
the etch rate, so^that throughput is higher. In acfclition to 
this improved wall angle, the embocfirnent illustrated in 
Figure 9 also achieves the earlier described advantages ss 
of the hard mask layer. . ., . v , i : 

In the present inventionit has been found that by the 
addition of Freon 1 34a to any etch chemistry, imprcyed 
oxtiernitride selectivity is achieved, even in chemistries 


that do not otherwise exrt^ oxide Jiitride selectivity 
Freon 134a has the forrmteC^^ 
Freon 134a molecule 1002 is shown in Rgure 10A. h a 
currently preferred en^bodiment the etch is performed in 
a mixture comprising Freon 1 34a, and Freon 23 (CHF3). 
In one embodiment, the etch is performed with a. f*eon 
134a flow rate of approximately 1.5 SCCM, a!cHF 3 flow 
rate of approximately 47 SCCM , a pressure in the range 
of approximately 1 0 - 40 mTorr, a power of approximately J 
400 - 1200 W t and a DC bias in. the range of approxi- 
mately 1000 - 2000 V.. Referring to Rgure 1 1,cwde layer 
1101 overlying nitride layer 1102 on substrate .1100 is 
shown. Substrate, t 100 is generally similar to the sub- 
strates described previously, and oxide layer 1101 is 
generally similar to oxide layer 501. Hard mask layer 
1 105 has been patterned arid etched to form an opening 
1111 tfiereiaAqetchisp^ 
and opening 1.1 21, is shown during the etch process. As 


mer, 

Although the precise, mechanism is not known, it is 
befieved trtat the Reon 134a of the present invention 
allows for such improved selectivity by working in com- 
bination with the pclysilicon hard mask to reduce free flu- 
orine (F) neutrals and fonsj to reduce their concentration 
in the plasrr« rl thus i decreasing the FIG ratio at nitride 
surfaces as compared to oxide surfaced This bringsthe 
etch into the regime where cwide etching is still at an 
acceptable rate, while little etching occurs on the nitride. 
It is further belieyed that thajncreased selectivity may 
result, from the presence of a three carbon chain mole- 
cule formed by reactkm,withj^ 
with carbon from another source. It is believedbthat the 
Freon 134auqdergqesthereac^ 10B 
to create trre stabilised r^^ 
,1005 may then undergo a reaction wrth ? : fer, example, 
CH*T3i!P form,trie above mentioned three carbon mote- 
cuJa The improved selectivity has been feund using 
Freop 1^ together, wHh, fop sample. GHF 3 .+towBver, 
ft has c^^ndi.that mixtures cf CHF^ and CH2F2 
(freon 32), mixfrres of QHfe and CHF2CF3 (Freon:.125), 
and mixtures of GHF^ana" Ctfs (fteort ll^.do not 
exhMthe.irnproved selectivity ot Fr^on 134a, satfcat it 
appears the second hydrogen atom on the first carbon 
atom may.be impotantto^thepro^ > 
:,. jvT^iiriproved selectivity ofc ftia present invention 
ac^onally isrjbefievedjo jaezachiev^ part by,the, F 
gdttefjng action of ti?e*anjt ma^^Therefore, the: tod 
nf^.llflS^s^elerabfy r^ty^con, oasome vG«iei;;F. 
reactive fjirn ^cfcas ^Ijcpn^^ tita- 
rttu^si^^ c^nse^-as w^h hard mask 

505; ; harti rna^t l 105 feex&StionalVpceferably a non-car- 
bon or very lowcajjaon content tU m. Theadoltioncf Freon 
1 34a4iasbew.four»d,to workona wide variety of <fifferent 
feature sizes^ can be , employed in a variety, of processes 
and etch toote. Further, the improved selectivity can be 
achieved with minimal or rw traded with ether perform- 
ance goals: ^ Additionally; the selectivity provided by the 
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present invention can be achieved without resort to proc- 
esses having unstable plasma corxfitions and without 
resort to high polymer chemsstries; thus avoiding the 
problems of difficult reactor maintenance. particle gen- 
eration, and reduced wail profile control. For an existing s 
etch process chemistry, varying amounts of Freon 134a 
may be added, depending upon the particular situation. 
For example, typically, Freon 134a may be added such 
that the Freon 1 34a ffow is in the range of approximately 
3 -50% of the total flow. - ' • 10 

It will be appreciated that in many prior art processes 
with i high selectivity, in aotfrtkOT to the wall profBe control 
problem, it is often difficutf to completely etch the oxide 
layer, especially in deep openings. However in the 
present invention, since the carbon contrfoution from the is 
photoresist is removed/the selectivity is achieved with- 
out the problem of excessive polymer buildup in the bot- 
tom, so that openings* may be etched to compleffon. 
Aoditionafly, in the present invention, it has been found 
tfetduetothestk^'ngof potyrnertomtride, nearly infinite 20 
selectivity to nitride is achieved. That ts, after VsrnaflW- 
t&fflnSu^ 

regardless of the length of the etch, nitride etching does 
not continue after the srnaH WaJ amourt *s etched. 

-As discussed in relation to Figure 4, in aocfition to 25 
the difficufty in acWevirtg oxkJe^itride selectivity, it is fur- 
ther difficult to achieve nftrfoe uniformity within the bot- 
tom of the cbntaGt and to avoid removing the nitride etch 
stop layer from the structure 404: Figures 12 - 14 illus- 
trate afun^ entKXfimehiof the present invention over- 
coming this prcArfent Referring to Figure 12, hard mask 
layer 1205 feftmrod on oxide layer 1201 J th one embod- 
iment* oxide layer 1201 comprises a 2000 A undcped 
TEOS layer on top of a 12000 A BPSG layer. The hard 
mask 1205 is preferably pdysBcon or another F getter- 
ing material as described ^relation to hard mask 1105. 
Photoresist layer 1210thas opening layer 1211 which is 
aiigrtedtoform an opening intheoxide which wifl partially 
overtiethe structure 1204;T.e.; the etch must extend over 
a comer. For example, the process step illustrated in Fig- 
ure 3 2 may be a serf-aligned contact etch. Referringnow 
to Figure 13. hard mask 1205 is etched in the . region 
exposed by opening 1211, to form opening 1216. After 
forming opening 1216, photoresist layer- 12tOis 
removed. ^= a : " ? . ■ : v-. ; . * ■ • v.. 

- " In a current^ preferred einbodiment, an oxide etch 
is'performed through hard mask 1205. utaizinga=§as 
chemistry cxDrnprising Freon 134a aihighte^ 
In^a currently preferred embodiment, the etch: is per- 
f formed in a flew comprising 10 SCCM CHF3 £nd : 2;5 
SCCM Freon>134a;iai a power of 600 W. The bactekfe 
helium pressure is *>2fTorr>As descrfoedprevfotisry.sffte 
use of Freon r 134a- together with 4he hard mask 1205 
increases the oxidernitnde selectivity. * The use 'of 
increased wafer temperature provides good waD profae 
control and provides further irnprovement in trie 
oxide:nttride selectivity, learjng to good nitride layer uni- 
formity 1 on both horizontal and vertical surfaces. Hard 
mask 1205, in adcfitibn to improving selectivity also pro- 


vides reduced ARDE effects. As can be seen in Figure 
14, opening 1221 is formed in oxide layer 1201, while a 
uniform portion of nitride layer 1203 remains on structure 
1 204 and a uniform portion of nitride layer 1202 remains 
on the bottom portion 1230 of the opening 1221. ft will 
be appreciated that the nftride layers 1202 and 1203 may 
or may not be formed in the same processing step. In 
one embocfment nitride layer 1202 and 1203 have a 
thickness of approximately 700 A. With the above 
descrfoed etch characteristics, the present invention pro- 
vides improved results for structures such as that shown 
on Figures 12 - 14. Because the present invention 
achieves the high axideznitride selectivity described 
above; the problems described in relation to Figure 4, 
over a corner of a structure, do not occur. Additionally, 
since nitride uniformity is maintained over both comers 
and flat surfaces, the present invention can be used to 
perform an oxide etch wherein there are openings that 
overfie corners and openings that overlie flat surfaces. 
Adcfitionallyi since hard mask 1205 minimizes the ARDE 
effect, the openings may have oifferent aspect ratios 
from one another. Note that these results are achieved 
with existing reactor technology; and without requiring 
substantial reengineering of the etch process: The 
present invention provides tor an improved process win- 
dow for an etch over topography and flat surfaces, and 
of course provides greater process latitude in any type 
of etch. " - ; > . 1 

A further errixxfimerit of the present trwentiori 
3o aflbws for leased etch depihto be achieved without 
sacrfficihg etch performance. Referring to Figure 15! pat- 
terning layer 1510 having openings 1$ii and 1512 is 
formed bri hard ma^ layer 1505 whto 
rfesd oh oxide layer 1501: Oxkde layer I50f rnay be aren- 
as ativefy thick oxide having a depth in tiie rancje 
approximately 5.000 - 30,000 Al Oxide layer 1501 may 
comprise several layers of one or more cfifferent types of 
owde layers. For example, in one ernbodhient' oxide 
layer 1501 rnay corhprise^ an uppermost CVD TEGS 
40 tjxida layer erf ai^rc^^ 
rhore BPSG layers with ^ 
T0;OOO A - 20,000 A Typ^l^ 

J suefi atnicjcW^c^ 

th^bbftbm ^of M^fornirtf opemigF Further; for the rea- 
'45 sonsdesenbed previously, it is olfncuft to maJritam the 
etch wherein the openings have different aspect ratios, 
arxJ wnenaa some *riip£ may be' overlying struc- 
ture^'^/' 1 ^ r-r. > •■• 

' Th'efefbre; in a further enifoolrnent bf the fwesent 
'so trivenTibn,anetcfr*£^^ 

1 1505 to form openings1516 and -151 7 sfibwn in Figure 
15. Next, with resist layer 1510 in place, a high etch rate 
oxide etch is performed which is preferably designed to 
etch one or more layers of the uppermbst portiohof cockle 
55 l^1501.Twexarrpie.inoneer^ 

tailored to etch the undoped layer arid some of the doped 
layer: In one embodiment the etch is performed in aftow 
cdrnprising 70 SCCM CHF 3 and 20 SCCM (^Fg (Freon 
116). The etch is performed at a power of 600 W, and a 
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pressure of 50 mTorr. A helium coolant pressure of 8 Torr 
is used, and the lower electrode water coolant tempera- 
ture is set a 17° Next a polymer removal step is per- 
fccmedLThe polymer may. bedashed fii an oxygen 
ptema.fore^ 5 
formed For example, in one embodiment a first clean 
step in an IPC barrel ash system, performed in a flow of 
oxygen (Cy at 1.5 Torr, 400 W for 45 minutes is per- 
formed followed by a clean in a solution of H2SO4 • H2O2 
at 150* C for 20 minutes. It will be appreciated that if 10 
desired, the polymer clean may be performed using a 
single step, similar to one of the above described steps. 
Adcfitionafly, ft wiO be appreciated that many similar clean 
steps may be performed. During the polymer removal 
step, the patterning layer 1510 s also removed. , v . 1S 

Figure 16 shows the structure xA Figure IS after 
these steps have been performed; and partial openings 
152V and 1522* have been formed As can be seen, a 
substantial thickness of oxide layer 1501 has; been 
removed. Add$on^ , 20 

frwOjthe openings. Next,, one, of ^"abov^ desoied 
etches of the present invention, such as that described 
in conjunction with Figures 12 - ^comprising Freon 
134a, and at high temperature -is performed. Jhe steuc- 
ture of Rgure 16 after the second etch step is shown, in 25 
Figure 17i As shown, openings; 1521 and, 1522 extend 
ail the way through oxide layer -1501 to the surface of 
nitride layer 1502, which remains uniform in the bottom 
of the opening. Additionally.. nifr^eJayer 1503 overlying 
s^jcture/1504 remairts.intact As ctescnbed above^the 30 
temperature of the etch can be varied for the desired 
taper, l=br example, an angle 15015 of 85° cante 
achieved by^ reducir^g the hetiumj^arri,^ such . 
that, the wafer temperature is ejevated as descrfoed 
before. Alternatively, normal ccpling : can performed 35 
so that the angle 1706 ; has a taper -[^'jia^^fi^Jlt 
desired. . \ " *. ^ V.L-TJ 

: .tedescribed^ 
oxide etch process efiminates the interaction of Ihepho- . 
toresist with /the etch chemistry. By formfog a structure 40 
such.a? Jftat slicwnin Rgurje 13, av^^^f^ch^ 
istries-and cprtfitic^m 

ymer fanrcatkw-^ and irttjhe 

absence of irteferer^fcpni the phoWesistF^ 
ple^urK^;Gertai.n,ccVxp .45 
found to.c^rjojvthe ^ ,hc<mntaJ su^ce^of^^iid 
rtt^s^ : ^ 

in the prior art, although polymer deposition -mfv^g^ 
*^ir)!W e ^C^ bottoms 
of^enGfies has been rtaawm^dep so 
face^^as, tije jujgp^.Guitaca .^la^ u 1205:jol;@gyre 
l3.has-rtot bewj<ncwn. ; This is due to the fact that,jhe 
LqDpe^hprjzorttal surface receivessufpcient ion ^ornbard- 
ment to prevent polymer forrnatioa fo contrast opening 
sidewails and structures insid ewaiis receive significantly ss 
less ion b<xrtf>arcbnent . . ? ■ 

Therefore,- in a further- ernbodiment of, the present 
invention, a photoresist mask is used under conditions 
causing formation of the porymer fOm on the upper sur- 


faces of the hard, mask. Referring to Figure 18, substrate 
1800 having structure 1 804, nitride layer 1802, and oxide 
layer 1801 is shown. In general, these layers and struc- 
tures are similar to those described in conjunction with 
Figure 12, for example, or may be simflar to layers or 
structures described in conjunction with other embodi- 
ments of the present invention. A photosensitive layer, 
such as positive photoresist layer 1810 is formed ther- 
eon, having a thickness in the range of approximately 1 .0 
- 1 .5 microns in one embodiment. Photoresist layer 1 81 0 
comprises opening 181 Informed by wefl known meth- 
ods. Photoresist layer 1810 may be used as a mask to 
form a contact opening or via in the oxide layer. 1801 in 
the region exposed by opening 181 1 . 

In a currently preferred ernbodiment, the etch is car- 
ried out in %LAM-384T.dry etch system. In a system 
j^'^ed^J.ir^-w^ers; the.elch is carried out m a 
flow cc*npnsngappr*w^ 3£CCMrreon 134a and 
10 SCCM CHF 3 . The etchis c^rriedc^atapcwer.inthe 
range of apprpwmateiy-3pQ - 400 W; and preferably 
appfCKimately 35Q W, with a pCtrias of approximately 
1 200 volts. >ln one erncoirrtent the etch is performed at 
apressure in therange ofapprqwmately 20 -,50mTorr, 
andpreferably.arjprpximm Also in a cur- 

rently preferred embodiments ithe helium pressure is 
approximately,! .5 Torr, which typfoaBy results in a helium 
flow in therange of approximately 1 - 2 SCCM. With this 
helium flew; tfie wafer cajv be expected to reach temper- 
atures of appraodmateJy 90°. This temperature is below 
the- temperature^usecl. in -some embodiments of the 
rxesent inventic^.jjsirtg^ hard mask, since trie temper- 
ature must be maintained; at^apprj^^ higher 
ftan the resist reticujajjon temperature. ; 
-b, Furthermore, Qeverajrmc<fifkatfor^ were. matte to 
toe system.^ exarr^v^ 

made gf , for example, aluminum,: taring a plurality of 
openings therein,, is disposed between the -upper and 
ICMer^electrQrJes.fThts grid rrpy have^a voltage applied 
thereto or may, as in one errtoiiment te grounded dur- 
ing tie e^. Atypical opening size in the grid is approx- 
imately^ rtmi. However, iae^e,embodimentan opening 
size of approximately '15 mm is used. The use oJ larger 
openings decreases the dark space, and results in a 
more intense plasma. f:urther,-hvone entxxf merit, the 
electrode spacing was in the range of approximately 1.3 
^cU8 inches, and preferably apprcaomately 1,6 jnch: This 
iS||acing jfe:greater than a typic^4xicc art spacing of 
appBsamately^).6 inch. Finally, incne errto&Ttertt, the 
•sjandard xoqts bfower .mechank^rpump was replaced 
^with a turbo pump, and the pumping Gneswere changed 
-from 2jnch to 3 inch to allow for greater pumping speed. 
These me^fific^icm^^picaOy allow for a greaterflor 
example; approximately^ times as.gr eat) gas flow at a 
given pressure <. - ... > 0; . 

Referring now to Figure 19; the substrate of Figure 
AB is shown afters the beginning of the^abcve-descrbed 
etch process. As shown, a thin layer 1 901 of polymer has 
formed on the upper surface of resist layer 1810; as well 
as the sidewails of opening 1811. This polymer deposi- 
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tion essentially encapsulates the resist layer, such that- 
resistfctasma interaction is eliminated With this encap- 
sulatioa an essentially infinite oxide resist etch rate ts 
achieved, so that the resist mask remains intact for the 
duration of the etch. Although the upper surface of the 5 
resist layer 1810 receives polymer deposition, etching of 
the oxide layer 1801 in the region exposed by opening 
1811 continues to occur. It is believed that polymer dep- 
osition occurs on the surface of resist layer 1810 due to 
an increased neutraJrcharged ion ratio in me plasma of w 
the present invention, as wefl as other factors resulting 
in polymer fomration/stictog at the surface of reset layer 
18ia Although these conc&tions have been found to lead 
to pofyjner deposition on surfaces of layers such as resist 
layer 1810. or a hard mask made of. for example, pofy- 1S 
silicon, an oxide layer does not see a net polymer depo- 
sition, even in the presence of a high neutral flux, due to 
. the reactivity of. the oxide layer in the presence of ion 
bombardment as compared with these other layers. 

Typically, in toeprioTj as descnbed above, while pol- 20 
ymer formation cmi^Mb' sicicwil^^oi': Sfieflfiig- -1 81-1 r fngy 
oc^, polymer depc^OT 

layer^does not occur. Because of this; ff»e resist etches 
at some finite rate in the pribrart due to the fori bombard- 
ment 'Further, the corners typically pull back slightly as 25 
the resist . layer is etched. For example, dashed lines 
1905 JBustrafe the etching of photoresist layer 181 0. near 
thefopenin^'nia prior art process. Eventually, as the etch 
proceeds; this pulling back of the corners may result in 
an excessively tapered; cpertng. k>-cc#itrast : in the so 
present invention, the resist profile maintains intact due 
to the pdymer layer 1901 present on thfe upper surface 
of layer :1810 as well as the sidewafls of cpeneng 181 1. 
Additionally, because the resist remains irttact etches 
ttrou^Treiatively thkskoxide layersmay be performed 35 

deferring to Figure 20. the su bstr a t e of Figure 19 is 
shown at the completion of the etch; ^ As^sho^ pctymer 
layer 1901; in addition to encapsulating photosensitive 
layer 1810, also adheres to nitride layer 1802, and oxide 
sidewail 1801. The sidewaD polymer buildup is typically 40 
partiaBy due to the fact that the sidewalls receive less ion 
bombardment as described above. Also as descnbed 
earfier, the amount of polymer on an oxide sidewail such 
as sidewail 1 801 will be dependent upon process concfi- 
tions, especially temperature and etch chemistry. In a K 45 
preferred embodiment, although the polymer layer 1901 
forms on the sidewail 1801, the temperature of the 
abcve-descnbed ernbocfiment is sufficiently high such 
that an acceptable wall angle is obtained. Additionally, 
as described earlier, the etch chemistry leads to prefer- '' 
ential btridup on nitride surfaces, giving good 
ooridernitride selectivity. With the formation of polymer 
layer 1901 on nitride layer 1802, no etching of the nitride 
layer 1802 occurs on top or side surfaces, so that the 
comer of structure 1804 remains intact Therefore, as 55 . 
with other eiTTbodtments of the present invention, high 
selectivity, even over comers of structures, and in long 
etches through thick oxide layers, may be maintained. 


Theuseofthep<c<^ssdescrt>edincortjurrctionw^ 
Figures 18 - 20 advantageous in that ft eliminates 
deposition and etch of a hard mask, and eliminates the 
removal of photoresist, and any dean steps in the earlier 
descnbed hard mask embodiments. Thus, use of the pol- 
ymer deposition mode provides many of the advantages 
of the hard mask embodiments in a less costly and com- 
plex process. 

As descnbed above, the polymer deposition mode 
was found by initially utffizing a hard mask ernbocfiment 
without photoresist In this way. the polymer deposition 
properties, absent imeradions with the resist, can be 
determined. Once a set of contftions tsfound that results 
in polymer deposition on upper, horizontal surfaces, that 
s^ erf coriditaW be u 

a photoresist mask, since the polymer deposition will 
: quickly efinririate ^ ft wiO be 

■ appreciated that while the earfier descnbed etch param- 
eters provide for the encapsulated resist layer, other 
process cwxfifibhs may be utHizedl in accordance with 
the guidefines descnbed befcw, which result in the 
encapsulation of resist leaiSng to the benefits of the 
present irtvention. ! including reduced or efiminated 
aspect ratio dependency effects. 

By forming a structure such as that shown in figure 
1 3, one of stall in the art may adjust the chemistry, power, 
time, and equipment cc^inguration, to suit the particular 
equipment and process step of interest. For example, as 
^merrtfoniad'above, in one errixx£ment the opening in 
the grid were increased. This provides for a more efficient 
plasma; leading Wmbre nonncharged chemical species 
in the plasma, this results in a plasirathatferr^ltely 
' fc depc^pdymer ckilhtf resist layer 1810 surface than 
a plasma With a higher flux of ions, whfch is more likely . 
to cause eichmg of the resist Further, the increase in the 
electrode spacir%'byrnak^ 

: tarit from the plasma discharge, has the same effect by 
decreasing the ion flux at the resist surface ThuS, one 
of skill in the art may use these consideratiorts to make 
adjustment to the ecwmfcnfif desired, to achieve a 
plasma that deposits a Mywbnthe resist layer while 
etching the oxide layer. Ackfitionally, acfiustments to the . 
etch cherhistry or other Recess paiarneters; in adoption 
to or instead of modification to the equipn*ent may be 
made. For example, increasing the concentration of one 
or moreetbhahts 'such as rreori 134a; CHF^ Hg, which 
are known to lead to ihcreased pcAyr^loni^on may 

'be used., 

^ 1 Ascfescribed above; an accefrtables^et of cc^xf t i ons 
may be determined on an ernbocfiment wherein a hard 
mask, without a resist layer- is used; InteVegard, some 
minor adjustment has been made to the hard mask 
embodiment used to characterize theprc<»sscc^ 
with meoxiditions descnbed iri relation to the embodi- 
ment of Figures 1 8 - 20. For example, the ernbexfiment 
with reset layer 1810 was carried out at a pressure of 
approximately 5 mTorr greater than the process as char- 
acterized on the hard mask ernbocfiment Additionally, 
the terhperature of the resist embodiment of' Figures 18 
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- 20 rs slightly lower than the haid mask characterization 
process. In general, these changes are made to increase 
the neutral Ion Mux in the opening, to m ain t a in polymer 
buildup therein, since the photoresist layer is approxi- 
mately 5 times or more thicker than the hard mask layer. 
The pressure increase increases the" overall polymer 
flux, while the temperature decrease increases sidewafl 
sticking. Of course, as mentioned earlier, the tempera- 
ture should be no higher than the resist reticulation tem- 
peratura Although, as mentioned above, the system of 
the preferred embodiment was modified to increase gas 
flow, such a modification wffl typically not be necessary, 
as a normal mechanical pump appears to provide suffi- 
cient pump speed. 

Thus, a method of etching an codde layer has been 
described. Although specffic ernbbdiments, inducing 
specific equipment parameters, methods, and materials 
have been descrfoed various rnc<fificafor*.tojhe cfis- 
closed embodiments wiD be apparent to one of ordinary 
sWfl in the art upon reading this disclosure. Therefore, it . 
is to be understood that such embodiments are merely 
illustrative of and not restrictive on the broad invention 
and that this invention is not limited to the specfffc 
ernbodimerrts shown and described. 

Claims . 

1 . A method of etching an oxide layer^ comprising : 

provkfing a substrate having sakToxideJayer 
thereon: " \ - i • 

forming a photosensitive la^ on said oxkie 

, layer; ; : . _. r 

. fonningaf^pper^r^ins^ 

layer to expose a portion of said oxide layer; 

, ri exposing said si^trate ^ a^ptasma^safci 
.plasma e^c^drxj s^. exposed, portion pf said oxide 
, ?ayer and forming a first layer on said p^iotosensitive 
tayer. r 


spacing in the range of approximately 13 
inches. 


1.8 


10 


is 


20 


25 


30 


35 


8. The method as described in daim 1 wherein said 
oxide layer opening exposes a corner of a structura 

9. The method as described in daim 3 wherein said 
codde layer opening exposes a com 

10. The method as descrtoed in daim 6 wherein said 
oxide layer opening exposes a comer of a structure. 

11. The method as descrfljed in daim 8 wherein said 
substrate comprises a nitride layer underlying said 
oxide layer, said nitride layer disposed on said cor- 

. ner. . ■ * *. ..■ 

12; The method as descrfced in daim 1 wherein said 
photosensitive layer is the uppermost layer on said 
. substrate prior to said formation of said first layer, 
and wherein at least a portion of said photosensitive 
layer .having said first layer formed thereon is sub- 
stantially parallel to a surface of said substrata 

13. The method as descnbed in daim 3 wherein said 
photosensitive, layer is the urjpeVmost layer on said 
substrate prior to said formation of said first layer, 
and wherein at least a portion of said photosensitive 
, layer, haying said fast layer formed thareon is sub- 
stantially parafleJ to a .surface of said substrate. 

14r The method; as described in daim6 wherein said 
FrfKrtpsensitive layer is the uppennost layer on said 
r substrate prior- to said formation of said first layer, 
: and wherein at least a portion of said photosensitive 
layer having said first layer formed thereon is sub- 
stantially parallel to a surfaced said substrate. - 


40 


45 


2., The methc<i as desatoed in claim 1 wherewi.said 
first ja^ cc*riprises a porymer. . t / .-, ^ t: . J. r 

3. The method as described jp claim 1 wherein said 
plasma |s formed in a flow^cornpnsing Freon .134^. 

4. . The method as descrfced in daim 3 wherein said 
flqwfurttocorrprisesCHF3. /- _ (; 

5. The method as : desatoed in c^m 1 wh 

plasmq is formed i using an RF power in the range of , -so 
appropriately 300 - 400. W. . 

6. The method as described in daim 1 wherein said 
plasma is formed between two electrodes having a 
spacing in the range- of approximately 1.3 - 1.8 ss 
inches. 


7. The method as described in daim 3 wherein said 
plasma is formed between two electrodes having a 
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(PRIOR ART) 
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FIG. 15 
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